This paper addresses the growth potential of the U.S. maple syrup industry. It outlines the number of potentially tappable maple trees and the economic impact of utilizing more of these trees for syrup production. U.S. producers currently tap 0.4% of all potentially tappable maple trees, with the highest percentage tapped in Vermont, at 2.94%. Two scenarios are analyzed for how production and consumption could grow together: (1) if each state tapped 2.94% of its available trees and consumed all of the syrup locally among its residents; and (2) the number of taps needed in each state to provide 2.6 ounces (76.9 ml) per person from "local" sources. Based on these analyses, states with the greatest potential to increase local production and consumption of pure maple syrup include Connecticut, Michigan, New York, Ohio, and Pennsylvania. Strategic marketing efforts are necessary to help maple producers take advantage of the growing demand for local, healthy, and organic food.
Introduction
Maple syrup was once a much larger component of the rural economy in both the U.S. and Canada. The United States produced a record equivalent of 6,613,000 gallons (25,032,928 liters) of maple syrup in 1860, with most of the syrup actually boiled down further to produce granulated maple sugar (U.S. Census Office, 1860). As seen in figure 1, maple production in the U.S. peaked in the 1800s, steadily declined throughout the twentieth century, and is experiencing a rebirth in the twenty-first century. Maple production was always a small component of the agricultural sector in Canada, but spiked dramatically in Quebec in the early 1980s. Producers installed vacuum tubing systems and reverse osmosis units that allowed them to significantly expand their operations while saving time and using less fuel. Production in Canada leveled off in recent years due to implementation of a quota system in Quebec in 2005 aimed at stabilizing prices and reducing surplus inventory (Gagné, 2008) . Once the inventory was exhausted in 2008, prices rose to record levels, the quota restrictions were eased, and production levels surged once again.
Maple syrup is a luxury item consumed around the world, yet the greatest market for syrup still lies within the United States. The U.S. currently imports nearly four times as much syrup from Canada as it produces (Agriculture and Agri-Food Canada, 2006) , so there is a tremendous opportunity for U.S. producers to expand production and fill domestic markets with "local" syrup. Maple syrup production is growing rapidly in the U.S., as a shortage of syrup and corresponding price increases led many sugarmakers to expand production and others to get started in recent years (Dravis, 2008; Dravis, 2009) . Some politicians even seized on the opportunity to spur rural economic Sources: Statistics Canada. (2011, Dec. 14) . (Churchill, 2008 , Schwaner-Albright, 2009 ). This legislation was reintroduced in both the House and the Senate several times but has yet to pass in any form. Even without federal support, states including Connecticut, Maine, Michigan, New York, and Vermont have all moved forward with efforts to boost syrup production (Hoyum, 2010; Karkos, 2011; Litten, 2011; Wanamaker, 2009; Whitcomb, 2009) . Maple syrup consumption in the U.S. is only 2.6 oz. (76.9 ml)/person, yet this has grown tremendously over the past 35 years. Figure 2 tracks U.S. and Canadian syrup production, as well as U.S. imports and exports of maple syrup, from 1975 to 2009. Per capita consumption levels were determined by summing the amount of syrup produced by U.S. sugarmakers and the amount of syrup imported from Canada, subtracting the amount of syrup exported from the U.S., and then dividing by the population in a given year. 
Methods
In order to determine the tapping potential in the U.S., analyses were performed using the latest U.S. Forest Service Forest Inventory & Analysis (FIA) data (Bechtold & Patterson, 2005) from 24 states that contain a significant number of sugar (Acer saccharum) and/or red maples (Acer rubrum). The number of potential taps was estimated by summing all of the sugar and red maple trees greater than 10" (25.4 cm) diameter at breast height (dbh) and applying conservative tapping guidelines of one tap for a 10"-17" (25.4-43.2 cm) tree and 2 taps for trees 18" (45.7 cm) and greater. The FIA data are classified by ownership category (private, U.S. Forest Service, other federal land, and state and local government). They are also divided between the tappable (nonreserved) and nontappable (reserved) trees, as the reserved forestlands where timber production is legally prohibited are also likely to have restrictions on tapping.
To determine the percentage of potential taps that are actually utilized for syrup production, these figures were compared with the number of taps reported for each state in the 2010 National Agricultural Statistics Service (USDA NASS) Maple Syrup Crop Report. NASS only tracks maple syrup production for 10 states. Thus, although 14 additional states have a substantial number of maple trees, we lack any information on their number of taps and corresponding utilization rates. Syrup production levels in these states are currently so low that it is not feasible for NASS to gather these data.
Given the strong growth in the local food sector and the niche that maple syrup occupies as the local, minimally processed sugar alternative for the eastern U.S., analyses were performed to determine the market potential for maple syrup production and consumption on a "local" basis. For these analyses, local syrup is defined as being produced and consumed within the same state. Based on local production for local consumption, two scenarios are posed for how the maple industry could expand: The final component of this paper is determining the economic impact for each of these two scenarios. For each state, average annual syrup production was estimated based on the average yield per tap in [2007] [2008] [2009] for that state. For the states that do not have any production data, the lowest figure of all states, 22 oz. (651 ml)/tap for Pennsylvania, was assumed for the average production. A dollar figure was estimated by multiplying the possible production figures for each state by the average price that producers received in that state from retail, wholesale, and bulk syrup sales over the period [2007] [2008] [2009] . For states that do not have any data available, the average figure of USD37.10 per gallon for the entire U.S. was used.
Results and Discussion
As an agricultural crop, maple syrup production is unique since it is produced from large trees that are at least 30-40 years old. If a farmer or landowner would like to start producing syrup, he or she would either have to plant trees and wait a long time or find an established grove of maples that are already suitable for tapping. Thus, the immediate potential for syrup production is based on the existing resource of large maple trees. While sugar maples are the preferred species for tapping due to the high sugar concentration in their sap, red maples are also suitable for syrup production, but usually exhibit slightly lower sap sugar production than sugar maples (Chapeskie, Wilmot, Chabot, & Perkins, 2006) . The number of potential sugar maple taps is displayed in figure 3 , while the number of potential red maple taps can be seen in figure 4 . Figure 5 presents the total number of combined sugar and red maple taps for 24 states. It is important to realize that the figures presented here overestimate the realistic tapping potential for several reasons. In order to economically tap maples, the trees must be located close enough to an access road and the density of trees must be high enough to justify installing a tubing or road system to collect the sap. While the FIA data includes all sugar and red maple trees growing on nonreserved forestland (land that is not restricted from management), many of these trees are growing in locations that are not suitable for tapping. Some of them are in stands that have a low density of maples, are too far from an access road, or are otherwise inaccessible due to topographic constraints. Further research is in process to obtain a more realistic estimate of the tapping potential for several states based on these considerations.
Finally, it is important to note that the FIA program only deals with forestland, and therefore does not account for a significant percentage of the trees that are actually tapped. Maples growing in yards, parks, and along roads are favored by producers who collect with buckets due to the easy access and large volumes of sweet sap they generate. In order to quantify these potential taps, much more detailed inventory data must be collected and analyzed through urban and community forestry research initiatives.
Utilization of the Maple Resource for Syrup Production
Significant differences exist in the utilization of the maple resource for syrup production, as seen in figure 6 . Vermont clearly dominates the industry 0 50,000,000 100,000,000 150,000,000
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Number of potential taps Journal of Agriculture, Food Systems, and Community Development ISSN: 2152-0801 online www.AgDevJournal.com due to its relatively high utilization rate of 2.94%, whereas states such as Michigan (0.15%), New York (0.45%), and Pennsylvania (0.17%) have tremendous potential for expansion. Although these three states have the largest maple resource, they tap a much lower percentage of their trees than Vermont does.
The discrepancies in utilization rates can largely be explained by cultural traditions (Hinrichs, 1998) . When there are strong cultural norms to produce maple syrup in a certain area, farmers and landowners are more likely to do so. However, even when there is a robust maple resource, if nobody is already producing syrup, then it is much less likely that landowners start production. Thus, even though Michigan contains the most tappable sugar maples of any state, the logging industry has dominated the landscape and only 0.15% of the maples are used for syrup production. Similarly, West Virginia has more tappable maple trees than Vermont, yet the culture for syrup production does not exist in most of the state. Even though Vermont ranks seventh in the number of potential taps, it ranks first in syrup production due in large part to the strong cultural traditions and superior branding and marketing of its product over the last century.
Among the more southerly states, such as Kentucky and Tennessee, even though maples grow abundantly, the climate is not thought to be as suitable for commercial syrup production. The climate may play a critical role in explaining why Number of potential taps red maple sugar maple
Journal of Agriculture, Food Systems, and Community Development ISSN: 2152-0801 online www.AgDevJournal.com more syrup is not currently produced in these states and what the potential for increasing production is. Sugaring used to be more commonplace in the mid-Atlantic region during the 1800s (U.S. Census, 1860), but that tradition has been lost over time. In these states, the limited number of freezing nights and the spells of very warm weather can cause tapholes to "dry up" prematurely, especially when using buckets or gravity-based tubing to collect the sap. However, with new technologies and techniques, such as high-vacuum tubing, check-valve spout adapters, and replacement of droplines and spouts every year, there may be opportunities to achieve economic returns from syrup production even when the weather is not favorable. More research is needed to determine the potential yields in warmer climates using modern sap-collection technologies. This could provide immediate economic development in these states, while providing a preview for what the Northeast can expect in a future climate that is predicted to be similar to the mid-Atlantic region (Skinner, DeGaetano, & Chabot, 2010 ).
Finally, it should be noted that the NASS estimates are based on voluntary reporting of producers. Many sugarmakers are opposed to a government agency knowing about their activities and therefore do not provide NASS with accurate (or any) information on their production levels. Thus, even though NASS provides the most comprehensive database on syrup production in the U.S., using these figures likely underestimates the actual production in many states. Furthermore, since NASS only tracks syrup production in 10 states, there is no data on the limited amount of sugaring that takes place in the other states.
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Economic Impact of Increased Syrup Production: Two Scenarios for Local Consumption
This section presents the results of two scenarios for increasing the production of maple syrup through local consumption within the state in which it is produced. The first scenario examines what could happen if each state tapped the same percentage of its trees as Vermont does, while the second scenario estimates the number of taps needed to provide each resident with 2.6 oz. (76.9 ml) of locally produced syrup.
Scenario 1: What if Each State Tapped the Same Percentage of Its Trees as Vermont
The first scenario provides a theoretical upper limit for what is possible to achieve in each state. Although no other state will likely ever tap the same percentage of its trees as Vermont does, this analysis presents the economic impact and per capita consumption levels necessary to consume all of the syrup locally if it did.
There are interesting observations when examining the per capita consumption necessary to sell all of the syrup produced in a state among the residents of that state. While most states have low "necessary" consumption levels, below 3 oz./person, the residents of Vermont and Maine would need to consume significantly more syrup, at 180.9 oz. (5,349.9 ml) per person and 26.6 oz.
(786.7 ml) per person, respectively, in order to utilize all of the syrup they produce themselves. These extremely high values result from the combination of extensive syrup production and relatively low populations. While it is likely that many producers of maple syrup consume at least 180 ounces themselves in a given year, it would take enormous marketing efforts and a tremendous reduction in prices to encourage all citizens to consume this much pure maple syrup annually.
Given this reality, Vermont and Maine have not limited their markets to the residents of their own state, but strategically looked elsewhere to sell most of their syrup. Vermont made wise decisions throughout the twentieth century in branding itself as the maple state in order to export this high-value crop throughout the U.S. and now to the world.
Similarly, Canada purposefully built a worldwide image as the maple syrup nation and now exports over 80% of its production (Agriculture and Agri-Food Canada, 2006 ). It's commonly known within the maple industry that the vast majority of syrup production in Maine is carried out by Canadian citizens on former paper company land along the Quebec border. Since this region has few people to sell to locally, nearly all of the syrup is sold in bulk to the major packaging and distribution companies in the U.S. and Canada.
Although exports will continue to be important for agricultural commodities, the local food sector is currently experiencing rapid growth. It is now even being embraced by Walmart, which plans to source a larger percentage of the produce sold in its stores from farmers located in that state (Clifford, 2010) . In order to examine the potential for local syrup consumption on a statewide basis, Finally, states such as Vermont and Maine already produce much more syrup than can realistically be consumed locally. The majority of their syrup is already sold in bulk to large bottling companies, whose success is highly dependent on the national and global markets for maple syrup. Whereas the local food movement will help some of these producers sell their syrup to nearby residents and visitors, the dominant outlets for most of the syrup produced will continue to be elsewhere. Thus, expansion in these states will likely be curtailed if production outpaces consumption and bulk syrup prices fall.
Under the hypothetical scenario in which each state taps the same percentage of its trees as Vermont currently does, the U.S. maple industry could grow from approximately USD81 million to over USD500 million annually. It is important to realize that only 24% of total U.S. residents live in the 11 major maple producing states, while 52% live in the 25 states that contain a significant number of sugar and red maple trees. Thus, roughly half of U.S. citizens will not have access to local syrup and must purchase it from other states or Canada. At current production levels, if U.S. residents only consumed maple syrup produced within the U.S., the average per capita consumption would be 0.7 oz. (20.7 ml), much less than the current figure of 2.6 oz. (76.9 ml). If the U.S. were to develop its maple industry in every state the way Vermont has, did not import any syrup from Canada nor export any throughout the world, the average consumption would have to increase to 5.1 oz. (150.8 ml) per person. Given that this figure is less than the per capita consumption in Quebec, it is not an unreasonable proposition. However, as previously stated, it is highly unlikely that any state could achieve the same levels of production as Vermont, let alone every state. Furthermore, barring any unforeseen and extraordinary political tensions or drastic fluctuations in the exchange rate with Canada, the U.S. will continue to import the majority of its syrup from Quebec. Thus, although the U.S. will likely increase its production and consumption of pure maple syrup, it will probably never achieve the levels as conjectured in table 1.
Scenario 2: What if Each State Produced All the Syrup its Residents Consume Locally
Whereas scenario 1 examines the increased consumption necessary for each state to tap the same percentage of its trees that Vermont does, scenario 2 assumes that per capita consumption levels will stay the same, yet all of the syrup will come from local sources. This scenario provides a more realistic target for many states to achieve. It calculates the number of taps necessary, the corresponding utilization rate, and economic impact for each state to provide 2.6 oz. (76.9 ml) of maple syrup to each of its residents (see table 2 ). The same assumptions on production per tap and price per gallon of syrup are used for this analysis. On the opposite end of the spectrum, there are states with large populations and a limited maple resource that would have a difficult time trying to provide each of their residents with 2.6 oz. (76.9 ml) of syrup. The necessary utilization rates in New Jersey and Missouri at 6.1% and Illinois at 11.9% are beyond the levels that could reasonably be expected to be achieved. Thus these states must continue to rely on imported syrup to meet consumer demand. Individual producers in these states would have a difficult time just supplying their own customer base with syrup and therefore would have to purchase bulk syrup from other states in order to meet local market demand. This strategy is already practiced throughout the maple industry, creating better synergy between the large sugarmakers who are focused on production and the smaller sugarmakers who concentrate on the marketing of finished products.
There are several states that could easily develop their maple industries further by supplying the local markets for pure maple products. Connecticut, Massachusetts, Michigan, Ohio, and Pennsylvania all have existing maple industries and the infrastructure in place to spur additional development. With existing utilization rates ranging between 0.15% and 0.45%, these states would only need to tap at most 1.2% of their trees to supply 2.6 oz. (76. 9 ml) of local syrup to their residents. Particularly desirable places for expansion are states such as Connecticut that have an affluent population with a strong desire to purchase local food. Expanding production in these regions is one of the best ways to assure profitability for producers. As evidence, producers in Connecticut sell most of their syrup retail and therefore command the highest average price of any state at USD59.23/gallon.
New York has the greatest number of potential taps, the largest population of any maple-producing state, and an extensive educational infrastructure already in place to enhance development. The industry has been growing in recent years and is poised for further expansion. Its utilization rate of 0.62% just barely allows the state to supply all residents with 2.6 oz. (76.9 ml) of syrup. However, previous studies have found that most of the syrup consumed in New York is purchased at grocery stores and comes from out of state (for example, see Chamberlin, 2008) . New York is also a net importer of bulk maple syrup, as more bulk syrup is bought in and repackaged by individual producers than is sold out of state (Farrell & Stedman, 2009 ). Thus, per capita consumption in New York is already well above 2.6 oz. (76.9 ml) per person, but much more research is needed to determine the actual figure. New York state government officials have recognized the opportunity to increase maple production and have made several investments to help expand the industry, including creating a Maple Task Force in 2009 to explore the ways in which the state can assist in developing the maple industry (Wanamaker, 2009 ).
Generally speaking, most states would only have to tap a small percentage of their trees in order to supply their residents with local maple syrup. Eight states would have rates below 1% and another 8 states would have rates between 1% and 2%. Although these are feasible goals, it will be more difficult to establish maple production in regions that do not currently have a significant maple industry. For instance, although states such as Kentucky, Virginia, and West Virginia have a robust maple resource and some syrup producers already exist, the educational and cultural infrastructure simply does not exist to adequately develop the maple industry at this time. Since the climate is also much warmer in these states than in the traditional producing regions, there will be skeptics who believe that syrup production is only supposed to occur in northern states. Much more research is necessary to determine what yields one could expect utilizing various sap collection As a nation, the U.S. only taps 0.39% of all sugar and red maples growing in the eastern half of the country. In order to supply the average citizen with 2.6 oz. (76.9 ml) of "locally produced" U.S. syrup, it would have to add roughly 23 million taps, thereby increasing the utilization rate to 1.52%. The economic impact of doing so would be USD167 million, increasing the size of the maple industry from USD81 million to USD 248 million. However, to facilitate this growth, the U.S. would have to either stop importing syrup from Canada and/or increase average syrup consumption. It is highly unlikely that Americans will stop buying Canadian syrup, especially if it is relatively inexpensive and readily available in grocery stores. Thus, in order to increase consumption of locally produced maple syrup, U.S. producers should invest in strategic marketing campaigns that capitalize on the increasing interest in local, healthy food.
Limitations and Drawbacks of These Analyses
It is important to understand the limitations of these analyses and why they are both unrealistic scenarios. For the first question, it is highly unlikely that any state will build its maple industry to the same status that Vermont has. Maple production is strongly tied to cultural heritage and Vermont has made a dedicated effort over the last century to build its reputation and brand itself as "the place for maple" in the U.S. So while Vermont presents a upper limit for what is possible to achieve in other states, it is highly unlikely that any other state will ever tap the same percentage of its trees as Vermont does.
It is also impractical to assume that the maple syrup produced within a state's borders is the only maple syrup residents of that state will consume. Since most people buy their food at grocery stores and it is difficult for small, local producers to gain access to these markets, many residents will continue to buy imported syrup. Thus, the average syrup consumption in each state must be higher than the national average of 2.6 oz. (76.9 ml) per person in order to account for the additional syrup coming from out of state. On the other hand, not all the syrup that sugarmakers produce is sold to residents of their state. Many producers have extensive mail-order businesses, sell directly to tourists, or sell to restaurants and gift shops that cater to out-of-state tourists. Furthermore, the commercial-grade syrup that is produced at the end of the season is almost always sold to large bottling and distribution companies in Vermont and New Hampshire. Since a portion of the syrup produced in any state would be sold and consumed elsewhere, the per capita consumption among residents of that state could be lowered. Without knowing the magnitude of these variables, it is not possible to know the effect on necessary per capita consumption levels.
Furthermore, having a target consumption level of only 2.6 oz. (76.9 ml) per person is likely to underestimate the actual syrup consumption levels in states that produce maple syrup. Many producers are happy to share their products with friends, family members, and neighbors at a reduced price or free of charge, so naturally these people consume more syrup than they otherwise would. Even for people with no relation to a sugarmaker, there is still a more readily accessible supply of pure maple. The prevalence of maple products being sold through sugarhouses, roadside stands, farmers' markets, community supported agriculture operations (CSAs), producer-operated pancake houses, and other venues for local food tends to increase the average per capita consumption of pure maple in regions where it is produced.
In fact, historical research by the U.S. Forest Service found that only 1.9% of households outside the maple-producing region had purchased pure maple syrup over a 12-month time frame versus 11.2% of households within maple producing states (Sendak, 1978) . Therefore, the 2.6 oz. (76.9 ml) per person average consumption likely presents a minimum level that each producing state could easily achieve by supplying syrup from its own trees. Perhaps a more realistic estimate of syrup consumption in maple-producing states is 6 oz. (177 ml) per person, the level currently achieved in Quebec (Agriculture and Agri-Food Canada, 2006) . However, since many residents will continue to purchase syrup from grocery stores that has been imported from outside the state or country, a 2.6 oz. (76.9 ml) per capita consumption of maple syrup produced within a state's borders may be a realistic target for many states.
It is also important to consider the impact of yield per tap in conducting these analyses. The volume of syrup produced varies greatly from year to year, depending primarily upon the weather patterns and sap collection technologies that are used. New vacuum tubing systems can result in yields as high as 0.5 gallons of syrup per tap (64 oz. or 1,893 ml), whereas traditional bucket systems may only yield 0.1 gallons per tap (12.8 oz. or 379 ml). It is possible that average yields per tap could increase as more producers adapt the latest technologies with vacuum tubing. If this were to happen, either fewer taps would be needed to produce the same amount of syrup, or consumption would have to rise in order to keep pace with the additional syrup output.
Finally, the economic impact figures presented here only account for the farm-gate syrup sales of individual producers. They do not include the economic activities of bottling companies who purchase bulk syrup, package it into retail-size containers, and market it throughout the U.S. and beyond. Nor do they factor in the economic impacts of building sugarhouses and manufacturing and selling all the equipment necessary to produce maple syrup. Given all the additional economic activity that is involved with maple production, the economic impact figures provided in these tables grossly underestimate the true impact of expanding the maple industry. Determining the full economic impact of syrup production would require significant additional research and is outside the scope of this paper.
Conclusion: Marketing Must Keep up with Production
The fate of the global economy, coupled with the marketing efforts of the maple industry, will have a strong influence on the overall production and consumption of pure maple syrup. Production has spiked in recent years and is likely to continue to grow, so the maple industry will have to be more aggressive in its marketing and promotion efforts in order to keep demand in line with supply and prices stable. Per capita consumption of pure maple syrup in the U.S. is currently very low, so there is tremendous room for expansion, especially in the growing niche markets for local and healthy foods. The average American consumes about 2.6 ounces (76.9 ml) of syrup in one pancake breakfast, so clearly there is room for growth. One of the keys will be educating consumers about the differences between pure maple syrup and its artificial competitors and convincing them that pure maple syrup is worth the extra cost.
Maple syrup is produced commercially only in the eastern U.S. and Canada, yet there is a growing worldwide demand for pure maple products, especially once people are exposed to them. If the maple industry continues to expand and supply outpaces demand, it should not be viewed as an overproduction problem, but rather an undermarketing problem. There is overwhelming evidence that investments in marketing pay off in terms of increased consumption of pure maple products. Per capita consumption has nearly tripled in the U.S. over the past 35 years, yet it is still quite low at less than 3 oz. (89 ml) per person, so more efforts should be put into marketing pure maple syrup as the local, healthy sugar in the regions where it is produced. Moreover, since maple syrup is only produced in eastern North America and yet has a growing worldwide demand, there is a tremendous opportunity to supply this high-value crop to international markets. It is up to the entire maple industry to work together -as they have in Quebec (Gagné, 2008) , New York, Vermont, and elsewhere -to move the industry forward in a positive direction. In particular, further consumer research is necessary to determine the current and potential demand for maple syrup on a state-level basis throughout the U.S. Increasing both production and marketing efforts will provide more people locally and throughout the world with pure maple products while maintaining profitable prices for producers.
